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Clopidogrel is recommended in selected patients to avoid platelet-mediated thrombosis.Patients non-responders to clopidogrel (NRC) show residual high platelet reactivity (HPR).Colchicine is a drug with cardiovascular effects with partially unknown mechanisms.We have previously shown that colchicine inhibits platelet aggregation.Here we demonstrate that colchicine inhibits platelet aggregation in NRC patients.

Introduction {#Sec1}
============

Dual antiplatelet therapy (DAPT) with aspirin and a P~2~Y~12~ receptor inhibitor is mandatory for the prevention of thrombotic events in patients undergoing percutaneous coronary intervention and stenting (PCI-S) \[[@CR1]\]. The more potent P~2~Y~12~ inhibitors, prasugrel and ticagrelor, are recommended in patients with acute coronary syndromes (ACS). Clopidrogrel is recommended in patients with Chronic Coronary Syndromes (CCS) or in ACS patients treated with PCI-S and at high bleeding risk such as those on therapy with anticoagulants because of atrial fibrillation \[[@CR1], [@CR2]\]. Unfortunately, the lack of response to antiplatelet therapy, with residual high platelet reactivity (HPR) has been demonstrated in about 30% of patients on therapy with clopidogrel \[[@CR3], [@CR4]\]. Importantly, HPR patients are at greater risk for future major adverse cardiovascular events \[[@CR4]\].

Colchicine is a drug extracted from Colchicum autumnale \[[@CR5]\]. To date, its use in clinical practice is mainly recommended for the treatment of acute gout, and of its prophylaxis \[[@CR6]\]. Several studies recommend colchicine to treat inflammatory cardiovascular diseases such as acute pericarditis and chronic pericardial disease \[[@CR7]\]. Finally, different reports have suggested its potential benefits also in acute and chronic cardiovascular disease \[[@CR8], [@CR9]\]. Interestingly, the recently published COLCOT Trial has demonstrated that low doses of colchicine significantly reduce the risk of new ischemic cardiovascular events in ACS patients \[[@CR10]\]. The observed cardiovascular effects of colchicine have been explained by considering the primary mechanism of action of this drug, represented by tubulin disruption, a phenomenon that causes down regulation of multiple inflammatory pathways and modulation of innate immunity \[[@CR5]\]. Thus, it has been suggested that colchicine effects on cardiovascular system might be due to its ability to modulate the immuno-inflammatory pathways involved in athero-thrombotic pathophysiology \[[@CR10]\]*.* However, we have recently suggested another potential mechanism of action for colchicine in the scenario of coronary syndromes since we have demonstrated that this drug reduces platelet aggregation of healthy donors in vitro via inhibition of key proteins involved in cytoskeleton rearrangement \[[@CR11]\]. Thus, by considering that in the COLCOT trial, despite use of a P~2~Y~12~ inhibitor was around 98% of patients, the percentage of clopidogrel (and of potential residual HPR) use was not specified, we have investigated the effects of colchicine on platelet aggregation of patients on DAPT with clopidogrel.

Methods {#Sec2}
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Venous blood was collected from 35 patients with CCS treated with PCI-S. All patients started DAPT (clopidogrel plus aspirin) at least 7 days before and were currently on DAPT therapy. All patients had taken the last clopidogrel dose (75 mg) 4 h before collection of blood samples. Informed consent was obtained from each patient and the study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution\'s human research committee. Blood was collected into vacutainer tubes containing 3.8% sodium citrate (9:1 v/v) and centrifuged at 120×*g* for 20 min at room temperature to obtain platelet-rich plasma (PRP) as previously described \[[@CR11]\]. The level of platelet aggregation was evaluated by Light Transmission Aggregometry (LTA) and expressed as maximal aggregation (AGGmax) in PRP after activation at baseline, 30, 60, and 90 min, in response to Adenosine Diphosphate (ADP, 20 µM, Sigma-Aldrich, Milan, Italy), and Thrombin Receptor Activating Peptide (TRAP 25 µM, Sigma Aldrich, Milan, Italy). To investigate the effects of colchicine on platelet aggregation, PRP was pre-incubated 1 h at 37 °C with colchicine 10 μM \[[@CR11]\], and then platelets were stimulated with ADP or TRAP as above. Platelets aggregometry was performed at 37 °C following standard procedure \[[@CR12]\]. Twenty milliliters of Platelet Rich Plasma (PRP) were used for platelets activation under continuous stirring at 37 °C.

Statistical analysis {#Sec3}
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Results are expressed as means ± SD. All data from in vitro experiments were analyzed by one-way ANOVA followed by the Tukey test for multiple comparison test or by a non-parametric test (Kruskal--Wallis) when data were not normally distributed. All analyses were performed using the GraphPad Prism 4.00 for Windows software (GraphPad Software, San Diego California, USA).

Results {#Sec4}
=======

In 28 patients, platelets stimulated with ADP showed the following mean AGGmax values: 26 ± 2% at baseline; 25 ± 4% at 30 min, 26 ± 2% at 60 min and 21 ± 3% at 90 min. These patients were classified as clopidogrel-responders. On the contrary, in other 7 patients, platelets stimulated with ADP showed the mean AGGmax values of 83 ± 4% at baseline, 80 ± 3% at 30 min, 79 ± 4% at 60 min and 75 ± 4% at 90 min. These patients were classified as clopidogrel non-responders (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}, Panel A). When platelets were stimulated with TRAP, that does not cause platelet aggregation binding to ADP receptor, a significant platelet aggregation was observed with similar elevated AGGmax values in clopidogrel-responders as well as non-responders throughout 90 min (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}, Panel B). Preincubation with colchicine significantly reduced AGGmax after stimulation with TRAP in clopidogrel responders (22 ± 7; 19 ± 4; 15 ± 1 p \< 0.05) and non-responders (20 ± 9; 24 ± 8; 22 ± 1 p \< 0.05) as compared to TRAP-stimulated platelets but not preincubated with colchicine (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}, Panel B). In clopidogrel responders, preincubation with colchicine did not cause any significant additional effect on AGGmax after ADP stimulation as compared with platelets not treated with colchicine (20 ± 3% at 30 min, 19 ± 2% at 60 min and 20 ± 3% at 90 min, p:NS) (Fig. [1](#Fig1){ref-type="fig"}, Panel A). Interestingly, in clopidogrel non-responders, in whom HPR was still observed despite DAPT, preincubation with colchicine significantly reduced AGGmax in response to ADP (22 ± 12%, 19 ± 11%, 21 ± 8%, p \< 0.05) (Fig. [2](#Fig2){ref-type="fig"}, Panel A).Fig. 1Platelet aggregation in patients' clopidogrel responders. *Panel A*, Stimulation with ADP did not cause significant platelet aggregation. Any significant difference was observed after colchicine (COL) preincubation. *Panel B*, Stimulation with TRAP caused significant platelet aggregation. Preincubation with COL significantly reduced TRAP-induced platelet aggregation. Data are expressed as mean ± SD; \*p \< 0.05 vs TRAP aloneFig. 2Platelet aggregation in patients' clopidogrel non-responders. *Panel A*, Platelets stimulated with ADP showed significant activation. Colchicine (COL) reduced ADP-induced platelet aggregation. *Panels B*, Stimulation with TRAP caused significant platelet aggregation. Preincubation with COL significantly reduced TRAP-induced platelet aggregation. Data are expressed as mean ± SD; \*p \< 0.05 vs ADP or TRAP alone

Discussion {#Sec5}
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Platelets play a critical role in the maintenance of physiological hemostasis and are actively involved in thrombosis observed in ACS and in CCS after stent implantation \[[@CR13]\]. Once activated, platelets undergo dramatic changes in their shape due to reorganization of cytoskeletal components, including microtubules. Several stimuli including ADP or thrombin activate platelets by binding to their specific surface receptors \[[@CR14], [@CR15]\]. To inhibit platelet mediated thrombosis, DAPT in selected patients includes aspirin and an ADP-receptor inhibitor such as clopidogrel \[[@CR1], [@CR2]\]. However, high on-clopidogrel platelet reactivity (HPR) defined as an AGGmax \> 46% despite DAPT \[[@CR4]\], still persists in a substantial proportion of clopidogrel non-responder patients. Of note, HPR-patients have an increased risk of new cardiovascular thrombotic events \[[@CR16]\]. Here, we demonstrate that colchicine significantly reduces HPR observed in patients on DAPT with aspirin plus clopidogrel but not-responders to this P~2~Y~12~ inhibitors, witnessed by AGGmax \> 46%. Our results are in line with those of a previous study in which colchicine attenuated platelet activation but in healthy donors not on DAPT \[[@CR17]\]. On the contrary, our data seem to be only apparently in contrast with those by Raju et al. who showed that colchicine did not reduce platelet aggregation in ACS patients on DAPT with clopidogrel \[[@CR18]\]. Indeed, in the present study colchicine does not reduce platelet aggregation in clopidogrel responders, as in the Raju\'s study, but significantly reduces this phenomenon in clopidogrel non-responders, not specifically investigated in that study. Results of our study, with all the limitations of an in vitro study, might give another pathophysiological point of view to explain the beneficial effects observed in COLCOT trial for ACS patients treated with colchicine: we cannot exclude that colchicine effects might be due not only to its role in modulating inflammation as suggested by the Authors, but also to its proprieties as antiplatelet drug. However, it should be kept in mind that in the COLCOT trial, the percentage of patients treated with prasugrel or ticagrelor rather than clopidogrel was not specified, representing a major limitation of our hypothesis. Moreover, another missing piece in this puzzle is that bleeding outcomes were not assessed in the COLCOT trial. Thus, we do not have data about a possible increase of bleeding risk that could be found in patients treated with P~2~Y~12~ inhibitors and concomitant colchicine.

Further in vivo studies should be designed to evaluate the opportunity to prescribe colchicine after ACS/CCS to overcome the clopidogrel limitations in the DAPT therapy.
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